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[57] ABSTRACT 

A system and method for constructing logical, mathe- 
matical, and other action-oriented expressions for exe- 
cution by a computer program. The system and method 
allows users to more easily design and construct even 
complex expressions that execute real-time decisions 
during program execution. The system and method 
reduces the complexity of creating such expressions by 
replacing logical constructs with visual equivalents 
generated by a user in step-by-step fashion on the com- 
puter display screen. 
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1 2 

FIG. 8 shows the query window used to implement 

LOGICAL EXPRESSION CALCULATION the SELECT function. 
INTERFACE 

DETAILED DESCRIPTION OF THE 

BACKGROUND AND SUMMARY OF THE 5 INVENTION 

INVENTION FIG. 2 shows the initial appearance of the calculation 

The present invention relates to a user interface de- sc ? ecn of WordPerfect Informs, the ^software product in 

signed for use in a computer program known as Word- whlch the * veiltl0n ^presently embodied. The calcula- 

Perfect InForms, in particular an interface used for lft *° n * crf * n COnSIStS of * eve ^ com P oneilts: the function 

creation of calculation sequences. WordPerfect In- 10 hsi j 1 ' °P^ or bo *. 12 ' the ^ V ' 

Forms is a software producUhat provides the capability wmdow 13 > a "? * e ™iihm the 

of designing and mamtaining elaborate electronic and Y Sh ? rtl ^ e d( f CT } h ?> ******* ^oxes 

printed forms. Its Designer component, in which the S?*" 1 th * e eme t nt ? °f *f C f * e ™ elves ;™ e 

L^«t ;™,^t;™ ; c ;n^r,t^ moUc (>Ytonc ; vo title bar 15 located at the top of the wmdow shows 

present invention is incorporated, makes extensive use u - , r , . . . , . K «• * ai_ , Al _ 

^r^ rt i i-;™ T7„5™™i & „ „.;.u 15 which form object the calculation affects (here whether 

of real-time decisions. For example, the user may wish ^ . x , , -t \ L -. ^ , 

_ i. „„, • * ,C ' f , „ , . compensation is due, selected as described below), and 

to extract information required in a form from a data- r v ^ . * r , r ' v 

, , . , - r . . r n ^ ^ ^ . . . the menu bar 16 contains a list of items, each of which 

base, but only if that information meets certain criteria . , , „ , 

~\Z ■ * j a i u - , includes a pull -down menu, 

at the time it is requested. Also, the user may wish to ^ *• r * n i * j • * i_ j* 

, , . • u * i • Function hst 11, located, m the present embodiment, 

make choices concerning how to analyze, summanze or M A ^ , eft e(J rf ^ worldn £ a ^ rf 

display ^formation dependmg on circumstances that for ^ ^ £ calculations . ^ the 

° a l m0 J .i- C ^ °J^ a j i - i • i- t_ current embodiment of the present invention, several 

Mathematical analogical expressions to accomplish ^ ries ofkctjols m a 4] abk> mcludin ^t^. 

such goals can be both powerM and complex. Such tic (as shown m ^ 2) day/t^, financial, statis- 

expressions have been traditionally created by mathe- 25 tical ^ Functions 

can be chosen bv selecting 

mattcians computer pro^ammers or engineers, the functiofl cat fmm the function h 

through the use of logical AND and OR statements, ^ doubleK: iicking the selected function within the 

assignment statements and parentheses The ; ability to category . ^ ^ ^ ^ selected by categ0 ^ 

make multiple levels of "decisions with branching, using then cat from the pull _ down Function 

the notion oHo^cal AND and OR m conjunction with 30 memjs ^ menu bar 16 or th can be ^ ed ^ directl 

other logical and arithmetic operators permits the user Operator box 12, located, in the present embodiment, 

to create very powerful expressions. Such expressions, at ^ uppcr , eft of the WQrking ^ contajns a 

however, are also very complex. Ust of available operators for inclusion in the calcula- 

The system and method described here reduce the tion> such ^ >f => ANDj OK etc Operators may be 

complexity of creating such expressions by replacing 35 se iected by clicking on them with the mouse button, 

those logical constructs with visual equivalents gener- -j^y can ^ s0 be typed in direct i y the appropriate 

ated by the user in step-by-step fashion on the computer keyboard symbol. 

display screen. These constructs are of two types: deci- The syntax and example window 13, located along 

sion boxes and result boxes. The former type contain IF, ^ bo ttom of the working area, shows how to use the 

ELSE IF and SELECT statements; the latter contain 40 selected function and gives a brief explanation of its 

DO and OTHERWISE statements. As will be seen, the effect ^ F IG. 2, for example, the chosen function is 

visual clarity of the method of the present invention @ABS, and the window explains that that function 

enables the user to more quickly grasp the possible returns the absolute value of the Number placed in 

results of his/her decisions, thus making it easier to parentheses following the ABS and gives an example 

create the calculations and find logical errors they may 45 wbere _3 \ s placed in parentheses and the function 

contain. returns 3. 

The nature of the invention will be made more appar- Calculations allow the user to determine the value of 

ent by the detailed discussion which follows and which a form object, make changes to form object values or 

refers to the following drawings: attributes, make additions or changes to databases, 

DESCRIPTION OF THE DRAWINGS 50 W a ^ base ; £ r T f^™* user ^^ d ^tais, 

such as Windows DLLs (dynamic link libraries). Cal- 

FIG. 1 shows the Calculation Worksheet screen by culations consist of functions, arguments, and operators, 
which the user selects and controls the creation of a They range from simple arithmetic statements (such as 
calculation. 4+5) to complex financial or statistical formulas. 

FIG. 2 illustrates the initial appearance of the calcula- 55 Most calculations (with the exception of the @SET- 
tion screen used on the display to practice the present VALUE function provided in the current embodiment 
invention. of the present invention) change the value only of the 

FIG. 3 shows the appearance of the calculation form object for which they are created. However, they 
screen of FIG. 2 after an IF statement has been added. can change the attributes of other form objects. For 

FIG. 4 shows the appearance of the calculation 60 example, in a form having entry fields called "subtotal" 
screen of FIG. 3 after calculation terms have been and **total," a calculation created for an entry field 
added. "total" would not change the value in an entry field 

FIG. 5 shows how another complex calculation is above called "subtotal" without using the @SET- 
constructed according to the present invention. VALUE function, but it may hide the "subtotal" field. 

FIGS. 6a-6d show how the calculation of FIG. 5 is 65 Calculations often reference other form objects in the 
constructed in step-by-step fashion. form. For example, the calculation (cost * quantity) 

FIG. 7 shows how the present invention provides for would return the value of entry field "cost" multiplied 
a SELECT option. by the value of entry field "quantity." 
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A calculation expression can be created after at least 
one field in a form has been selected. In the current 
embodiment, the calculation interface of the present 
invention is selected from a pull-down menu by way of 
a Calculation Worksheet screen shown in FIG. 1. 

In order to create a calculation, the user calls up the 
Calculation Worksheet screen shown in FIG. 1 by 
choosing the Calculation function from a menu of ob- 
ject Properties that appears in the program's initial 
screen, after the form object to which the calculation 
relates has been created or opened. The user next selects 
the object for which it is desired to create a calculation 
from the Object Name list box 21 in the Calculation 
Worksheet. (This is a list of named objects present in the 
form.) Then, in the preferred embodiment, the user 
selects the desired type of calculation from the radio 
buttons in the Calculation Type area 22, and finally 
chooses the CREATE option. If a calculation has al- 
ready been created for the selected object, the CRE- 
ATE option will not be available, and the user will have 
to use the EDIT option instead, to modify the existing 
calculation. 

The Calculation Type determines when a calculation 
will be performed, and in the preferred embodiment of 
the present inventions, several calculation types are 25 
available in area 22. They are explained in the following 
table: 



15 



20 



Calculation Type Description 



Entry The calculation is performed as soon as a user 

moves the focus to the form object that con- 
tains the calculation, either by tabbing to it, by 
using the mouse, or as a result of a calculation 
action event 

Exit The calculation is performed after the user 

leaves the fonn object, either by tabbing to 
another form object or by moving the focus 
with the mouse. 

Action This option is available only for action 

buttons. The calculation is performed as soon 
as the user chooses the action button. Merely 
tabbing to it docs not instigate the calculation. 

Change The calculation is checked to see whether it 

needs to be recalculated whenever any change 
is made to the form, including when the form 
is opened 

Close The calculation is performed when the form is 

closed or when a record is added to or modifi- 
ed in a database. 



the user may enlarge it by clicking on the Maximize 
button. When the box has been maximized, a Minimize 
button will appear in the upper right comer, permitting 
the user to reduce the box to its normal size when de- 
5 sired. 

In some circumstances, such as the circumstances of 
the present example, the user may want to create a 
calculation that uses different formulas depending on 
the value of a condition. The present invention enables 
1° this to be done in a novel and easy-to-use way. A user 
desiring to create such a calculation can add an IF box 
above the DO box, either by clicking on the INSERT 
button 34 in the currently active DO box 30 or by 
choosing the INSERT command from the pull-down 
Edit menu. (In this invention, the term "above" means 
"before" in a logical sense.) The INSERT Options item 
on the Edit menu permits the user to insert the IF box 
above or below the current DO box. 

Two alternative boxes must exist below an IF box: a 
DO box, for use if the condition is satisfied, and an 
OTHERWISE box, for use if the condition is not satis- 
fied. Therefore, when an IF box is added above an 
existing DO box, an OTHERWISE box will automati- 
cally appear beneath the IF box. As will be demon- 
strated later, there are also circumstances where a sec- 
ond or even more levels of conditions should be tested 
before an OTHERWISE box is appropriate, and in such 
circumstances one or more ELSE IF boxes can be cre- 
ated. 

FIG. 3 shows the appearance of the calculation 
screen after an INSERT command has been entered in 
DO box 30. DO box 30 has moved to the right, or belo- 
w—in a logical sense— the inserted IF box 40. As men- 
tioned, an OTHERWISE box 41 has also appeared, to 
account for the event that the condition tested for in the 
IF box is not satisfied. The box in which the cursor 
currently resides is considered the "live" box, and 
hence has the INSERT and MAXIMIZE buttons. 

FIG. 4 completes the illustration of the current exam- 
ple, by showing the calculation screen after the content 
of the calculations have been entered. As will be under- 
stood, the calculation first involves testing, in IF box 40, 
whether the quantity Advance is equal to or greater 
than the quantity TOTAL. If that condition is satisfied, 
compensation is due and the DO box calculates the 
amount by subtracting TOTAL from Advance. If the 
condition is not satisfied, the underlying computer pro- 
gram proceeds to the OTHERWISE box, where the 



30 



35 



40 



45 



Referring now to the working area 14 shown in FIG. 
2, when the user selects the CREATE option from a 

menu, the working area 14 has the appearance shown. 50 user has chosen to make the result the display or use of 
A single logic box 30 of the DO format is presented. 
Logic box 30 comprises an outer frame 31, an inner 
frame 32 outlining the working area of the box, a Maxi- 
mize button 33, an INSERT button 34 and a label 35, 



the number 0. 

FIG. 5 shows a more complex calculation, after it has 
been fully implemented using the procedures just de- 
scribed. In FIG. 5, which includes only the working 



here a "DO" label. The cursor 36 is initially positioned 55 area 14, conditional calculations are shown which cal- 



in the working area 37. The title bar 15 indicates that the 
form object for which the calculation is being created is 
called DueComp and that the calculation has been 
chosen to be of the Change type. As will be apparent, 



culate a discount rate. Referring to the Figure, IF box 
51 tests to see if the Company named is Jones Auto 
Mart. If that condition is met, the expression moves to 
the fight, to another IF box 52, and tests whether the 



the calculation in this example determines whether an 60 quantity Total is equal to or greater than $1000. If that 



advance payment to an employee for travel expenses or 
the like exceeds the total expenses actually incurred and 
therefore whether additional reimbursement is required. 

The user can enter the desired calculation by typing 
the desired formulas in the working area of the logic 65 
box or, in the case of functions or operators, using the 
mouse as described above. If more room is needed to 
view or edit the text being placed in a calculation box, 



condition is also satisfied, the calculation moves again 
to the fight, to DO box 53, where it multiplies the Total 
by 0.75 to arrive a final number. If, however, the condi- 
tion in IF box 52 is not met, i.e., if Total is less than 
$1,000., the calculation proceeds to OTHERWISE box 
54 and calculates an answer by multiplying the Total by 
0.90. Returning to the initial condition test performed in 
box 51, if Company does not equal Jones Auto Mart, the 
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calculation moves downward, to ELSE IF box 56, 
where it tests for equality between Company and "Des- 
ert Industries." If that condition is satisfied, a further 
test is performed in IF box 57 to deterrnine whether 
Total is equal to or greater than $600. If that condition 5 
is met, the calculation proceeds to DO box 58, where 
Total is multiplied by 0.8 to arrive at the answer. If the 
condition set forth in IF box 57 is not met, i.e., if Total 
is less than $600, the calculation proceeds downward, to 
OTHERWISE box 59 where the Total is multiplied by 10 
0.95. If the ELSE IF condition in box 56 was not met, 
however, the calculation proceeds downward to OTH- 
ERWISE box 61, where the Total is left undiscounted 
The user would create the boxes shown in FIG. 5 in 
a step-by-step manner shown in FIGS. 6a-6d, as he/she 15 
worked through the calculation logic. Each click of the 
mouse would create the next phase of the calculation, 
and the actual commands could be entered step-by-step 
or after the structure had been created. 

1. The user will click on the INSERT button on the 20 
initial DO box, thereby causing the DO box to 
move to the fight, an IF box to appear where the 
DO box had been, and an OTHERWISE box to 
appear below the new IF box. See FIG. 6a. The 
condition— Company = "Jones Auto Mart" — can 25 
now be inserted in the first IF box. 

2. The user then moves the mouse to the DO box in 
its new location and clicks on the INSERT burton 
of that box, thereby causing another IF box to be 
inserted, with its associated OTHERWISE box, 30 
and the DO box moves to the right again. The 
screen then has the appearance shown in FIG. 6b. 
At this point, the condition to be tested if the Com- 
pany = "Jones Auto Mart" condition is satisfied, 
may be entered. That condition is To- 35 
tal> = 1000.00. The associated DO box command, 
Total* 0.75, may also be entered. Also the OTH- 
ERWISE box may be filled in with the calculation 

to be followed if the condition Total> = 1,000.00 is 
not met: Total* 0.9. 40 

3. The user can next generate the structure of boxes 
needed to check the condition to be tested if the 
condition Company = "Jones Auto Mart" is not 
satisfied: Company = "Desert Industries". That is 
done by moving the cursor to the OTHERWISE 45 
box created in the left-most column, activating it 
by clicking anywhere in the box, and then clicking 
on the INSERT button to add associated DO and 
OTHERWISE boxes. At this point, the display has 
the appearance shown in FIG. 6c. At this point, it 50 
will be noted, the IF box below the original IF box 
now bears a label ELSE IF, reflecting the fact that 

it is a condition to be tested if the initial condition 
is not satisfied. 

4. Next, the user completes the box structure by acti- 55 
vating the DO box associated with a positive con- 
dition Company = "Desert Industries" and insert- 
ing an IF box to test for the size of the quantity 
Total. When the INSERT button is clicked in that 
DO box, another IF/OTHERWISE pair of boxes 60 
are inserted, and the screen display assumes the 
appearance shown in FIG. 6d 

5. At this point the logical structure has been created 
and the remaining (or all) the expressions can be 
inserted. 65 

While the foregoing calculation is easy to understand, 
indeed almost simplistic, when created and viewed ac- 
cording to the present invention, its creation in a tradi- 



6 

tional sense would be beyond the capabilities of un- 
trained persons. In traditional notation, the calculation 
would be expressed as follows: 
If (the Company is Jones Auto Mart, then (if the 
Total is equal to or greater than $1000, then return 
Total * 0.75) otherwise (if the Total is less than 
$1000, then return Total * 0.90)) else if (the Com- 
pany is Desert Industries, then (if the Total is equal 
to or greater than $600, then return Total * 0.80) 
otherwise (if the Total is less than $600, then return 
Total** 0.95)) otherwise return Total. 
It will be apparent that the system of the present 
invention, the step-by-step creation of a visual represen- 
tation of the logical components of the calculation, 
makes it far easier to construct even complex calcula- 
tions. The formation of the boxes on the screen, along 
with the highly structured manner in which they are 
created, assists the user in understanding the relation- 
ship between them and the flow of decisions throughout 
the expression. The interface guides the user into under- 
standing his/her expression to be much like a decision 
tree or flow chart, but adds the additional element of 
dynamic creation and deletion of branches or termina- 
tion points on demand. 

The present invention can also be used to select re- 
cords from a database. If a form is linked to a database, 
a user can perform calculations according to the present 
invention on any data in the database as well as data 
contained in the current form. For example, a form 
might contain a field to calculate the average age of all 
employees whose records are contained in a database. 
To accomplish this result, as shown in FIG. 7, the user 
opens a form that has already been linked to a database 
or creates a database link for the open form. Next, the 
cursor is positioned in the IF box in which the selection 
is to be performed. (It is possible that the IF box will 
have first to be created, as described above.) When the 
user clicks on the IF box, a menu of choices, including 
a choice labelled SELECT, will appear in a pop-up list 
65 at the top of the box. Once the user chooses SE- 
LECT, a query window 80 appears, as shown in FIG. 8. 
To perform a calculation on selected records in a data- 
base field, the user must specify the criteria for the data 
shown in the query window. As is apparent from the 
Figure, query window 80 contains columns headed by 
the name of each field in the database and permits the 
user to specify criteria for use in selecting records from 
the database. This specification is then saved, and the 
query window closed. If no criteria are specified, the 
calculation in the "DO" box will use all records in the 
database field named. 

After the criteria for selection of records is made, the 
user clicks on the "DO" box that is next to the "SE- 
LECT" box containing the query and creates the calcu- 
lation to be performed on the selected fields. The calcu- 
lation should reference a database field as would any 
other calculation. In the present embodiment of the 
invention, the name of the referenced database field is 
preceded with "DB", to indicate that the named field 
comes from the database rather than from the form 
itself. If no records are found satisfying the query condi- 
tions, the calculation specified in the "OTHERWISE** 
box is performed. 

According to the invention, IF and SELECT boxes 
can be deleted using the Delete function from the Edit 
menu. Deleting an IF or SELECT box causes the dele- 
tion of any DO or OTHERWISE boxes that are associ- 
ated with the deleted IF or SELECT. 
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25 



Calculations can be "independent." An independent 
calculation works just like any other calculation, except 
that its result is not displayed in a form object Instead, 
the result of an independent calculation would be used 
in another calculation. Even though independent calcu- 5 
lations are not tied to any object, they can be used only 
in the form in which they were created. An independent 
calculation, for example, might determine the sales tax 
rate based on the contents of the "State" entry field. A 
calculation assigned to a "Tax Due" entry field would 1° 
calculate the amount of tax due as the contents of the 
"Subtotal" entry field multiplied by the value returned 
by the independent calculation. 

An independent calculation can be created by choos- 
ing the Calculations option from the Properties menu 15 
and then choosing the Create function in the Indepen- 
dent Calculations group box of the Calculation Work- 
sheet shown in FIG. 1. Once the user enters a name for 
the calculation in the Name text box, the calculation is 
created as described above. When the calculation has 
been created, the user chooses the Close/Save function 
from the File menu in the calculation window and then 
the Close function from the Calculation Worksheet 
dialog box. 

The user can now use the value returned by the cal- 
culation as arguments in other calculations, by selecting 
Independent from the function pop-up list, then double- 
clicking the chosen calculation. The user can also select 
Independent Calcs from the Functions pull-down 3Q 
menu, then select the chosen calculation. 

In each case, the computer system is programmed in 
a manner that will be understood by those skilled in the 
art, to store, manipulate and recognize the logical mean- 
ing of the boxes created by the user and to cause the 35 
appropriate actions to be taken in accordance with the 
results of the calculations. 

As indicated, the present invention replaces logical, 
arithmetic, and precedence operators with two types of 
visual equivalents, decision boxes and result boxes. 
Boxes of the former type, containing expressions that 
make decisions, are labeled IF, ELSE IF and SELECT; 
boxes of the latter type, which contain expressions re- 
flecting results of decisions, are labelled DO and OTH- 
ERWISE. 45 

A calculation branch consists of an "IF" box and any 
other "IP* boxes, "DO" boxes, or "OTHERWISE" 
that are associated with it. To identify a calculation 
branch, place the insertion point in an "IF" box. All of 
the calculation boxes in the current branch are high- 50 
lighted. 

Calculation branches can be copied or moved. Copy- 
ing or moving a calculation branch copies or moves the 
structure of the branch along with the text In the pres- 
ent invention, the user can accomplish this by placing 55 
the insertion point in the "IF" box that begins the 
branch to be copied or moved. To copy the branch 
while preserving the original, the Copy command is 
chosen from the Edit menu. To move the branch to 
another location in the calculation, removing it from the 60 
original position, the Cut command is chosen from the 
Edit menu. The user clicks the calculation box to which 
he/she wants to copy or move the branch and then 
chooses the Paste command from the Edit menu. 

The practical uses for this method extend to any 65 
application where logical flow and decision-making 
design work is required. While the invention has been 
described in its present embodiment of an electronic 



8 



forms program, its uses extend well beyond that partic- 
ular application. 
We claim: 

1. A computer system for visually representing logi- 
cal and mathematical expressions comprising: 

a. means for displaying a display window, the display 
window comprising: 

an IF box created by a user for entry of an expres- 
sion for determining the value of a condition; 

a DO box for entry of an expression representing a 
calculation to be performed in response to a first 
value of the condition determined according to the 
expression displayed in the IF box; and 

an OTHERWISE box created automatically in re- 
sponse to creation of the IF box, for entry of an 
expression representing a calculation to be per- 
formed in response to a second value of the condi- 
tion determined in the IF box; 

means for recognizing a logical relationship in a cal- 
culation of the displayed boxes and interpreting the 
expressions contained in the boxes; and 

means for causing the computer system to determine 
the value of the condition in the IF box and then, in 
response to its value, for performing either the 
calculation in the DO box or the calculation in the 
OTHERWISE box. 

2. The system of claim 1 wherein the user may enter 
functions, arguments, and operators as components of 
any of the expressions. 

3. The system of claim 1 further including means 
permitting the user to insert additional IF, DO and 
OTHERWISE boxes in the display window, to add 
expressions for detennining the value of other condi- 
tions and for performing calculations as a function of 
the value of the other conditions. 

4. The system of claim 1 wherein any of the IF box, 
the. DO box and the OTHERWISE box can be ex- 
panded to permit the viewing of a larger expression or 
calculation. 

5. The system of claim 1 wherein the IF box contain 
an expression for selecting records from a database 
associated with the computer system. 

6. A method for a user to enter into a computer sys- 
tem a calculation to be performed in response to a con- 
ditional expression, the computer system having a dis- 
play and an input device, the method comprising the 
steps of: 

a. presenting on the display a DO box for entry of a 
first expression representing a first calculation to be 
performed in response to a first value of the condi- 
tional expression; 

b. introducing on the display, in response to insertion 
by the user, an IF BOX for entry of the conditional 
expression; 

c. introducing on the display, automatically in re- 
sponse to the introduction of the IF BOX, an OTH- 
ERWISE box for entry of a second expression 
representing a second calculation to be performed 
in response to a second value of the conditional 
expression; 

d. requiring the user to enter the first expression in the 
DO box, the conditional expression in the IF box, 
and the second expression in the OTHERWISE 
box before proceeding to step (e); and 

e. storing in the computer system the calculation, 
wherein the calculation represents the first calcula- 
tion in response to the first value of the conditional 
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expression and the second calculation in response 
to the second value of the conditional expression. 

7. The method of claim 6 wherein the user may enter 
functions, arguments, and operators as components of 
any of the expressions. 5 

8. The method of claim 6 including the additional step 
of introducing on the display, in response to insertion by 
the user, additional IF, DO and OTHERWISE boxes, 

to add expressions for detennining the value of other 10 
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conditions and for performing calculations as a function 
of the value of the other conditions. 

9. The method of claim 6 wherein any of the IF box, 
the DO box and the OTHERWISE box can be ex- 
panded to permit the viewing of a larger expression or 
calculation. 

10. The method of claim 6 wherein the IF box con- 
tains an expression for selecting records from a database 
associated with the computer system. 
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